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(54) LIQUID EJECTOR AND METHOD FOR EJECTING LIQUID 



(57) Disclosed is a liquid discharge apparatus that 
is capable of setting a proper deflection amount for de- 
flecting an ink discharge direction even when the dis- 
tance between the ink discharge surface and the ink 
landing surface of print paper varies. The liquid dis- 
charge apparatus includes a head (11) in which a plu- 
rality of nozzle-incorporated ink discharge sections are 
arrayed, discharge direction deflection means for de- 
flecting the discharge direction of an ink discharged from 
a nozzle of each ink discharge section in the direction 
of ink discharge section arrangement, distance detec- 
tion means for detecting the distance (L1) and (L2) be- 
tween the ink discharge surface of the head (11) and the 
ink landing surface of print paper (P1 ) and (P2), and dis- 
charge deflection amount determination means for de- 
termining the ink discharge deflection' amount (dis- 
charge angle a and p) to be provided by the discharge 
direction deflection means in accordance with the re- 
sults of detection by the distance detection means. 
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Description 

Technical Field 

5 [0001] The present invention relates to a liquid discharge apparatus and liquid discharge method for determining a 
liquid discharge deflection amount in accordance with the distance between a head's liquid discharge surface and a 
surface on which a discharged liquid is to land, and deflecting and discharging a liquid in accordance with the determined 
liquid discharge deflection amount 

10 Background Art 

[0002] A known example of a liquid discharge apparatus having a head in which a plurality of nozzle-Incorporated 
liquid discharge sections are arranged is an inkjet printer. A thermal method is known as an ink discharge method for 
inkjet printers. The thermal method is used to discharge ink by making use of thermal energy. 

15 [0003] A known structure employed for an ink discharge section based on the thermal method includes an ink liquid 
chamber, a thermal resistor provided in the ink liquid chamber, and a nozzle mounted on the ink liquid chamber. Ink in 
the ink liquid chamber is rapidly heated by the thermal resistorto form bubbles in the ink on the thermal resistor. Energy 
generated upon bubble formation discharges the ink (ink droplets) from the nozzle in the ink discharge section. 
[0004] From the viewpoint of a head structure, two ink discharge methods are defined: serial method and line method. 

20 The serial method is used to make a print while moving the head in the direction of the width of print paper. The line 
method is used while many heads are arranged in the direction of the width of print paper to form a line head that 
covers the whole print paper width. 

[0005] in a known line head structure disclosed a plurality of small head chips are positioned end to end so that liquid 
discharge sections of the head chips are arrayed to cover the whole print paper width, (for instance, by Japanese 
25 Patent Laid-open No. 2002-36522) 

[0006] A known technology disclosed, provides a printer head structure in which a plurality of heaters are variously 
positioned within an ink liquid chamber corresponding to one nozzle so as to vary the angle of ink droplet discharge. 
This ensures that diversified ink landing positions are rendered inconspicuous, (for instance, by Japanese Patent Laid- 
open No. 2002-240287) 

30 [0007] However, the above conventional technologies have problems that are described below. 

[0008] When the ink is to be discharged from a head, it is ideal that the ink be discharged perpendicularly to the 
discharge surface. Due to various causes, however, the ink may not always be discharged perpendicularly to the 
discharge surface. 

[0009] When, for instance, a nozzle sheet on which a nozzle is formed is to be attached to the upper surface of the 
35 ink liquid chamber having a thermal resistor, the correct positional relationship among the ink liquid chamber, thermal 
resistor, and nozzle needs to be observed. When the nozzle sheet is attached so that the nozzle center is in alignment 
with the center of the ink liq uid chamber and thermal resistor, the ink will be discharged perpendicularly to the discharge 
surface. However, if the nozzle center is not in alignment with the center of the ink liquid chamber and thermal resistor, 
the ink will not be discharged perpendicularly to the discharge surface. 
40 [0010] Positional displacement may also occur due to a thermal expansion coefficient difference among the ink liquid 
chamber, thermal resistor, and nozzle sheet. 

[0011] When discharged perpendicularly to the discharge surface, the ink lands at a correct position. However, if the 
ink is not discharged perpendicularly to the discharge surface, the resulting ink landing position is displaced. If the ink 
landing position is displaced during the use of the serial method, ink landing pitch displacement occurs between nozzles. 

45 if, on the other hand, the ink landing position is displaced during the use of the line method, ink landing position dis- 
placement occurs between arrayed heads in addition to the above-mentioned ink landing pitch displacement. 
[0012] More specifically, if the ink landing positions provided by adjacent heads are displaced away from each other, 
the ink is not discharged to a certain area between the heads. Further, the line head does not move in the.direction of. 
the width of print paper. Therefore, a white streak appears between the heads to the detriment of print quality. 

so [0013] On the other hand, if the ink landing positions provided by adjacent heads are displaced toward each other, 
dots overlap in a certain area between the heads. Consequently, a discontinuous print image or an unduly dark streak 
may result to the detriment of print quality. 

[0014] Technologies are therefore proposed by the applicant of the present invention to solve the above problems 
(e.g., Japanese Patent Application No. 2002-112947 and Japanese Patent Application No. 2002-1 61 928). These tech- 
55 nologies utilize a technology disclosed by Japanese Patent Laid-open No. 2002-240287, which is mentioned above, 
and make it possible to control (deflect) the liquid discharge direction in a liquid discharge apparatus that has a head 
in which a plurality of liquid discharge sections are arrayed. 

[001 5] However, if the same deflection angle is employed for the ink discharge direction in a situation where the print 
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paper thickness varies or the distance (gap) between the ink discharge surface and ink landing surface of print paper 
varies, the above technologies do not cause the ink to land at precise positions. 

[0016] Figs. 17A and 17B illustrate prints that are made on print papers P1 and P2, which differ in paper thickness, 
with the ink discharge angle deflected by a. Fig. 17A indicates that a print is made on print paper P1 with the ink 
discharge angle deflected by a when the distance between the ink discharge surface (the end face of head 1) and the 
ink landing surface of print paper P1 is L1 . 

[0017] When head 1 , which has the above characteristics, is used with print paper P2, which differs from print paper 
P1 in paper thickness (print paper P2 is thicker than print paper P1), the distance between the ink discharge surface 
and the ink landing surface of print paper P2 changes from L1 to L2 (L2 < L1). If the ink discharge angle is similarly 
deflected by a in the resulting state, the ink landing positions differ from those prevailing when print paper P1 is used. 
[001 8] In some cases, the surface height of a single sheet of print paper may partly vary if, for instance, an envelope 
having a fold or label print paper is used. Further, if a printed circuit board containing a circuit pattern is used, the 
surface height considerably varies. Furthermore, if the employed print paper has a curled edge, the surface height of 
such a curled edge differs from that of the other portion. 

[0019] In the above cases, print paper and other similar materials having varying surface heights cannot be properly 
printed even if the ink discharge angle is properly adjusted prior to printing. 

Disclosure of Invention 

[0020] Accordingly, it is an object of the present invention to include a head in which a plurality of liquid discharge 
sections are arrayed, and incorporate a function for deflecting the direction of liquid discharge. Even when the distance 
between the liquid discharge surface and the liquid landing surface of a liquid discharge target (to which the liquid is 
to be discharged) varies, the present invention should be capable of setting an appropriate deflection amount. Further, 
even when the surface height of a single liquid discharge target varies, the present invention should be capable of ; 
performing appropriate deflection amount setup accordingly. 

[0021] In accomplishing the above objects, according to one aspect of the present invention, there is provided a 
liquid discharge apparatus including a head in which a plurality of nozzle- incorporated liquid discharge sections are 
arrayed; discharge direction deflection means for deflecting the discharge direction of a liquid discharged from a nozzle 
of each liquid discharge section in the direction of the array of the liquid discharge sections; distance detection means 
for detecting the distance between the liquid discharge surface of the head and the liquid landing surface of a liquid 
discharge target; and discharge deflection amount determi nation means for determining the amount of liquid discharge 
deflection to be provided by the discharge direction deflection means in accordance with the result of detection by the 
distance detection means. 

[0022] In the above aspect of the present invention, the discharge direction deflection means is capable of deflecting 
the liquid discharge direction from the nozzle of each liquid discharge section. To determine the discharge deflection 
amount,. the distance detection means detects the distance between.the J iquid. discharge surface of the head and the. 
liquid landing surface of the liquid discharge target. In accordance with the detection result, the discharge deflection 
amount determination means determines the amount of liquid discharge deflection. 

[0023] As a result, the present invention is capable of setting an appropriate deflection amount even when the dis- 
tance between the liquid discharge surface of the head and the liquid landing surface of the liquid discharge target 
varies. 

[0024] According to another aspect of the present invention, there is provided a liquid discharge apparatus including 
a head in which a plurality of nozzle-incorporated liquid discharge sections are arrayed; discharge direction deflection 
means for deflecting the discharge direction of a liquid discharged from a nozzle of each liquid discharge section in a 
plurality of directions of the array of the liquid discharge sections; relative movement means for relatively moving the 
head and a liquid discharge target on which the liquid discharged from the nozzle of each liquid discharge section is 
to land; distance detection means, which exists on the side on which the relative movement means loads the liquid 
discharge target relative to the head, emits a material wave to the liquid discharge target, receives the resulting reflected 
wave, detects the distance between the liquid discharge surface of a liquid discharge section and the liquid landing 
surface of a liquid discharge target in accordance with the received reflected wave, and sequentially detects the distance 
while the relative movement means relatively moves the head and liquid discharge target; a data table for defining the 
discharge deflection amount of the liquid to be discharged from the nozzle of each liquid discharge section in relation 
to the distance and a landing target position of the liquid to be discharged from the nozzle of each liquid discharge 
section; and discharge deflection amount determination means for referencing the data table and determining the 
amount of liquid discharge deflection to be provided by the discharge direction deflection means corresponding to each 
liquid discharge section from the distance detected by the distance detection means and the landing target position of 
the liquid. 

[0025] In the above aspect of the present invention, the discharge direction deflection means is capable of deflecting 
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the liquid discharge direction from the nozzle of each liquid discharge section. To determine the discharge deflection 
amount, the distance detection means detects the distance between the liquid discharge surface of the head and the 
liquid landing surface of the liquid discharge target. Further, the distance detection means emits a material wave to 
the liquid discharge target to detect the distance, and sequentially detects the distance while the head and liquid 

5 discharge target relatively move. The distance detection means achieves sequential distance detection by detecting 
the distance without coming into contact with the liquid discharge target. Therefore, the distance detection means is 
capable of constantly detecting the distance. Since the distance is sequentially detected while the head and liquid 
discharge target relatively move, the distance detection means can immediately detect a change in the distance. 
[0026] Meanwhile, the data table defines the discharge deflection amount in relation to the distance and the landing 

10 target position of the liquid to be discharged from the nozzle of each liquid discharge section. 

[0027] The discharge deflection amount determination means references the data table and determines the dis- 
charge deflection amount for each liquid discharge section from the detected distance and the landing target position 
of the liquid. Therefore, the present invention is capable of setting an appropriate deflection amount even when the 
distance between the liquid discharge surface of the head and the liquid landing surface of the liquid discharge target 

15 varies in accordance with the relative movement of the head and liquid discharge target. 

[0028] According to still another aspect of the present invention, there is provided a liquid discharge apparatus in- 
cluding a head in which a plurality of nozzle-incorporated liquid discharge sections are arrayed; discharge direction 
deflection means for deflecting the discharge direction of a liquid discharged from a nozzle of each liquid discharge 
section in a plurality of directions of the array of the liquid discharge sections; relative movement means for relatively 

20 moving the head and a liquid discharge target on which the liquid discharged from the nozzle of each liquid discharge 
section is to land; distance information acquisition means for acquiring distance information about the distance between 
the liquid discharge surface of a liquid discharge section and the liquid landing surface of a liquid discharge target whiie 
the relative movement means relatively moves the head and liquid discharge target; a data table for defining the dis- 
charge deflection amount of the liquid to be discharged from the nozzle of each liquid discharge section in relation to 

25 the distance between the liquid discharge surface of a liquid discharge section and the liquid landing surface of the 
liquid discharge target and a landing target position of the liquid to be discharged from the nozzle of each liquid discharge 
section; and discharge deflection amount determination means for referencing the data table and determining the 
amount of liquid discharge deflection to be provided by the discharge direction deflection means corresponding to each 
liquid discharge section from the distance information acquired by the distance information acquisition means and the 

30 landing target position of the liquid. 

[0029] In the above aspect of the present invention, the discharge direction deflection means is capable of deflecting 
the liquid discharge direction from the nozzle of each liquid discharge section. To determine the discharge deflection 
amount, the liquid discharge apparatus causes the distance information acquisition means to acquire distance infor- 
mation about the distance between the liquid discharge surface of a liquid discharge section and the liquid landing 

35 surface of the liquid discharge target in accordance with the relative movement of the head and liquid discharge target. 
The distance information acquisition means acquires the distance information when the distances to various positions 
of the liquid discharge target, such as a printed circuit board containing a circuit pattern, are known. 
[0030] Meanwhile, the data table defines the discharge deflection amount in relation to the distance and the landing 
target position of the liquid to be discharged from the nozzle of a liquid discharge section. 

40 [0031] The discharge deflection amount determination means references the data table and determines the dis- 
charge deflection amount for each liquid discharge section from the acquired distance information and the landing 
target position of the liquid. If, for instance, the distances to various positions of the liquid discharge target are known, 
the present invention is therefore capable of setting an appropriate deflection amount without having to perform a 
distance detection procedure even when the distance between the liquid discharge surface of the head and the liquid 

45 landing surface of the liquid discharge target varies in accordance with the relative movement of the head and liquid 
discharge target. 

Brief Descripti on of Drawings - 
50 [0032] 

Fig. 1 is an exploded perspective view illustrating a head of an inkjet printer to which a liquid discharge apparatus 
according to the present invention is applied. 

Fig. 2 shows a plan view and cross-sectional side view that illustrate in detail the thermal resistor layout of an ink 
55 discharge section. 

Fig. 3 illustrates how the ink discharge direction is deflected. 

Figs. 4A and 4B are graphs illustrating the relationship between the ink bubble generation time difference of two 
split thermal resistors and the angle of ink discharge. Fig. 4C shows measured data concerning the ink bubble 
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generation time difference of two split thermal resistors. 

Fig. 5 is a circuit diagram that illustrates discharge direction deflection means. 

Figs. 6A and 6B illustrate how discharge deflection amount determination means according to a first embodiment 
of the present invention determines a deflection amount. Fig. 6A relates to a situation where distance H = L1 , 
s whereas Fig. 6B relates to a situation where distance H = L2. 

Fig. 7 is a side view that schematically shows the configuration of a printer according to a second embodiment of 
the present invention. 

Fig. 8 is a plan view of the printer shown in Fig. 7. This plan view excludes a print paper transport drive system. 

Fig. 9 is a front view the printer shown in Fig. 8. This figure is obtained when the printer is viewed from a section 
10 from which print paper is loaded into a line head section. 

Fig. 10 is a side view illustrating in detail the positional relationship between a line head and sensors. 

Fig. 1 1 is a block diagram illustrating a sensor (distance detection means), a data table, and a discharge deflection 

amount calculation circuit, which serves as discharge deflection amount determination means, in accordance with 

the second embodiment of the present invention. 
15 Fig. 12 illustrates the data table. 

Fig. 1 3 is a front view of the line head. This figure indicates how ink is discharged by three liquid discharge sections 

named "N-1 "N", and "N+1 ". 

Fig. 14 is a side view illustrating an example in which distance varies even when the employed print paper does 
not have any projection. 
20 Fig. 15 illustrates a third embodiment of the present invention. 

Fig. 16 is a block diagram illustrating a fourth embodiment of the present invention. 

Figs. 17A and 17B illustrate how a conventional technology makes prints on print papers P1 and P2, which differ 
in paper thickness, when the ink discharge angle is deflected by a. 

25 Best Mode for Carrying out the Invention * 

[0033] One embodiment of the present invention will now be described with reference to the accompanying drawings. 

[First embodiment] 

30 

[0034] Fig. 1 is an exploded perspective view illustrating a head 11 of an Inkjet printer- (herein after abbreviated to 
the "printer") to which a liquid discharge apparatus according to the present invention is applied. A nozzle sheet 17 is 
attached to a barrier layer 16. However, Fig. 1 shows an exploded view of the nozzle sheet 17. ;. 
[0035] Within the head 11 , a substrate member 14 includes a semiconductor substrate 15, which is made of silicon. 
35 and the like, and a thermal resistor 13, which corresponds to energy generation means according to the present in- 
vention and is deposited on one surface of the semiconductor substrate 15.. The thermal resistor 13 js electrically, 
connected to an after-mentioned circuit via a conductive section (not shown) that is formed on the semiconductor 
substrate 15. 

[0036] The barrier layer 16 is made, for instance, of a dry film resist that hardens upon exposure. It is first formed 
40 on the entire surface of the thermal resistor 13 for the semiconductor substrate 15. Then, an unnecessary portion of 
it is eliminated by a photolithographic process. 

[0037] The nozzle sheet 17 contains a plurality of nozzles 18. It is formed, for instance, by using a nickel-based 
electroforming technique. It is attached to the barrier layer 1 6 so that the position of the nozzles 1 8 coincides with the 
position of the thermal resistor 13, that is, the nozzles 1 8 face the thermal resistor 13. 

45 [0038] An ink liquid chamber 1 2 (which corresponds to a liquid chamber according to the present invention) encloses 
the thermal resistor 1 3 and includes the substrate member 1 4, barrier layer 1 6, and nozzle sheet 1 7. More specifically, 
the substrate member 14 forms a bottom wall for the ink liquid chamber 12; the barrier layer 1 6 forms a side wall for 
. the ink liquid chamber 1 2; and the-nozzle sheet 1 7 forms a top wall for the ink liquid chamber.1 2. The in k liquid chamber 
12 has an opening, which is positioned on the front right-hand side in Fig. 1 and communicated with an'inkflow path 

so (not shown). 

[0039] The head 11 usually includes hundreds of thermal resistors 13 and ink liquid chambers 12, which include the 
thermal resistors 13. In compliance with a command from a printer control section, the head 11 selects appropriate 
thermal resistors 13 and causes nozzles 18 facing the ink liquid chambers 12 to discharge ink from ink liquid chambers 
12 corresponding to the selected thermal resistors 13. 
55 [0040] The ink is supplied from an ink tank (not shown), which is coupled to the head 1 1 , to fill the ink liquid chambers 
12. A pulse current flows to the thermal resistors 13 for a short period of time of, for instance, 1 to 3 u.sec. The thermal 
resistors 1 3 are then rapidly heated. Consequently, bubbles of ink vapor are generated in sections in contact with the 
thermal resistors 13. The generated ink bubbles then expand to drive out a certain volume of ink (the ink boils). As a 
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result, the nozzles 18 discharge the ink as droplets, which land on print paper (liquid discharge target). The volume of 
the discharged ink is virtually the same as the volume of the ink that is driven out and in contact with the nozzles 1 8. 
[0041] In this description, a portion including an ink liquid chamber 12, athermal resistor 13 positioned within the ink 
liquid chamber 12, and a nozzle 18 positioned on the top of the thermal, resistor 13 is referred to as the "ink discharge 

5 section (liquid discharge section)". In the head 11 , a plurality of ink discharge sections are arrayed. 

[0042] In the present embodiment, a plurality of heads 11 are arranged in the direction of the print paper width to 
form a line head. In this instance, a plurality of head chips (heads 11 without the nozzle sheet 17) are first arranged, 
and then one nozzle sheet 1 7 (which has nozzles 1 8 that are positioned to match all the ink liquid chambers 1 2 of each 
head chip) is attached to form the line head. 

10 [0043] Fig. 2 shows a plan view and cross-sectional side view that illustrate in detail the thermal resistor 12 layout 
of the ink discharge section. Within the plan view in Fig. 2, a nozzle 1 8 is indicated by a one-dot chain line. 
[0044] As indicated in Fig. 2, the present embodiment assumes that two split thermal resistors 1 3 are arranged within 
a single ink liquid chamber 1 2. The two split thermal resistors are arranged in the direction in which the nozzles 1 8 are 
arranged (left-right direction in Fig. 2). 

is [0045] When one thermal resistor 1 3 is vertically split into two segments, the thermal resistor width is reduced to half 
while the length remains unchanged. Therefore, the resistance value of the resulting thermal resistors 13 becomes 
twofold. When the two split thermal resistors 13are series-connected, it means that the thermal resistors 13 having a 
twofold resistance value are series-connected. Therefore, the resistance value becomes fourfold (this value is a cal- 
culated value that is obtained when the distance between the arrayed thermal resistors 13 in Fig. 2 is not taken into 

20 account). 

[0046] To boil the ink in the ink liquid chamber 12, it is necessary to heat the thermal resistors 13 by applying certain 
electrical power to the thermal resistors 13. The purpose is to discharge the ink by making use of energy that is gen- 
erated upon boiling. If the resistance value is small, it is necessary to increase the electrical current. However, when 
the resistance values of the thermal resistors 13 are increased, the ink can be boiled with a small electrical current. 

25 [0047] The sizes of a transistor and other devices for flowing an electrical current can then be decreased to provide 
increased space savings. When the thickness of the thermal resistors 13 is decreased, it is possible to increase the 
resistance value. However, when materials selected for the thermal resistors 13 and their strength (durability) are 
considered, the thickness of the thermal resistors 13 cannot be decreased beyond a certain limit. Under these circum- 
stances, the resistance values of the thermal resistors 13 are increased by splitting the thermal resistors and not by 

30 reducing their thickness. 

[0048] When the two split thermal resistors 13 are positioned within a single ink liquid chamber 12, the bubble gen- 
eration time, which is required for the thermal resistors 13 to heat the ink to its boiling temperature, is usually set so 
that the thermal resistors 13 simultaneously heat the ink to its boiling temperature. If the two thermal resistors 13 differ 
in the bubble generation time, the ink discharge angle is not vertical so that the ink discharge direction deflects. 

35 [0049] Fig. 3 illustrates the ink discharge direction. When, in Fig. 3, ink i is discharged vertically to the discharge 
surface of the ink i (the surface of print paper P), the ink i is discharged in the direction indicated by a broken line and 
without being deflected. However, if the ink discharge direction is deflected so that the discharge angle deviates from 
the vertical by G (in direction Z1 or Z2 in Fig. 3), the landing position of the ink i is displaced as indicated below: 

40 AL = H x tane 

[0050] The symbol H denotes the distance between the end of a nozzle 1 8 and the surface of print paper P, that is, 
the distance between the ink discharge surface of a liquid discharge section and the ink landing surface. For common 
45 inkjet printers, the distance H is approximately 1 to 2 mm. It is therefore assumed that the distance H is maintained at 
approximately 2 mm. 

[0051] The distance H needs to be maintained substantially constant. The reason is that if the distance H varies, the 
landing position of the ink i varies. In other words, when the ink i is discharged verticallyto the surface of print paper 
P, the landing position of the ink i does not vary even if the distance H slightly varies. If, on the other hand, the ink i is 
so deflected when it is discharged as described above, the landing position of the ink i varies in accordance with a change 
in the distance H. 

[0052] Figs. 4A and 4B are graphs illustrating the relationship between the ink bubble generation time difference of 
two split thermal resistors 1 3 and the angle of ink discharge. The graphs represent the results of computation simulation. 
In the graphs, the X-direction is the arrangement direction of nozzles 18 (the array direction of thermal resistors 13), 
55 whereas the Y-direction is perpendicular to the X-direction (the direction of print paper transport). Fig. 4C is a graph 
that shows measured data. To show the ink bubble generation time difference between the two split thermal resistors 
13, the horizontal axis of the graph indicates half the electrical current difference between the two split thermal resistors 
13 as a deflection current. The vertical axis of the graph indicates the amount of ink landing position displacement 
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(measurements are made on the assumption that the distance between the ink discharge surface and the ink landing 
position on print paper is approximately 2 mm). Fig. 4C illustrates an ink deflective discharge operation in which the 
above deflection current is superposed on one of the two split thermal resistors 13 while a main current of 80 mA flows 
to the thermal resistors 13. 

5 [0053] If there is a bubble generation time difference between the two split thermal resistors 1 3 that are arranged in 
the array direction of the nozzles 18, the ink discharge angle is not vertical as indicated in Figs. 4A through 4C. The 
ink discharge angle 0 x in the array direction of the nozzles 1 8 (which is the amount of deviation from the vertical and t 
corresponds to the symbol 6 in Fig. 3) increases with an increase in the bubble generation time difference. 
[0054] The present embodiment makes use of the above characteristic. The present embodiment provides two split 

10 thermal resistors 13 and varies the amounts of electrical current flows to the thermal resistors 13 so that there arises 
a bubble generation time difference between the two thermal resistors 13. In this manner, the present embodiment 
deflects the ink discharge direction (discharge direction deflection means). 

[0055] If the resistance values of the two split thermal resistors 13 are not equal due, for instance, to a manufacturing 
error, there arises a bubble generation time difference between the two thermal resistors 13. Therefore, the ink dis- 
15 charge angle is not vertical so that the ink landing position deviates from normal. However, when the amounts of 
electrical current flows to the two split thermal resistors 13 are varied to control the bubble generation time of each 
thermal resistor 13 until the two thermal resistors 13 are equal in the bubble generation time, the ink discharge angle 
can be rendered vertical. 

[0056] When, for instance, the ink discharge direction is deflected from the original discharge direction for one or 
20 two or more particular heads 1 1 of a line head, the discharge direction can be corrected for a head 11 that does not 
discharge ink vertically onto the landing surface of print paper due, for instance, a manufacturing error. Thus, the ink 
can be discharged vertically. 

[0057] Further, only the ink discharge directions of one or two or more particular ink discharge sections of one head 
1 1 can be deflected. For example, if the direction of ink discharge from a particular ink discharge section is not parallel 
25 to the direction of ink discharge from the other ink discharge sections, it is possible to deflect only the direction of ink 
discharge from that particular ink discharge section until the resulting ink discharge direction is parallel to the direction 
of ink discharge from the other ink discharge sections. 

[0058] Moreover, the ink discharge direction can be deflected as described below. 

[0059] When, for instance, ink is to be discharged, without being deflected, from ink discharge section N and from 
30 ink discharge section (N+1 ), which is adjacent to ink discharge section N , it is assumed that the inks discharged from 
ink discharge section N and ink discharge section (N+1) reach landing position n and landing position (n+1), respec- 
tively. In this instance, the ink can be discharged from ink discharge section N, without being deflected, until it reaches 
landing position n. It is also possible to deflect the ink discharge direction so that the ink discharged from ink discharge 
section N reaches landing position (n+1). 
35 [0060] Similarly, the ink can be discharged from ink discharge section (N+1), without being deflected, until it reaches 
landing position (n+1). It is also possible to deflect the ink discharge direction. so that the ink discharged from ink 

discharge section (N+1) reaches landing position n. — - - — 

[0061] If the ink cannot be discharged due, for instance, to a clog in ink discharge section (N+1), the ink does not 
reach landing position (n+1 ) under normal conditions. The employed head 1 1 is then considered to be defective because 
40 of the loss of a dot. 

[0062] In the above situation, however, the ink discharged from ink discharge section N, which is adjacent to one 
side of ink discharge section (N+1), or from ink discharge section (N+2), which is adjacent to the other side of ink 
discharge section (N+1), can be deflected so that it reaches landing position (n+1). 

[0063] The discharge direction deflection means will now be described in detail. The discharge direction deflection 
45 means according to the present embodiment includes a current mirror circuit (hereinafter referred to as the CM circuit).: 
[0064] Fig. 5 is a circuit diagram that illustrates the discharge direction deflection means according to the first em- 
bodiment. The elements used in the illustrated circuit and the circuit connection will now be described. 
- [0065] Resistors Rh-A and Rh-B, which are shown in Fig, .5, are the aforementioned two split thermal resistors.13. 
These resistors are series-connected. A resistor power supply Vh is provided to apply a voltage to resistors Rh-A and 

50 Rh-B. 

[0066] The circuit shown in Fig. 5 includes transistors M1 through M21 . Transistors M4, M6, M9, M11 , M14, M16, 
M19, and M21 are PMOS transistors. The other transistors are NMOS transistors. Within the circuit shown in Fig 5, 
transistors M2, M3, M4, M5, and M6 compose a CM circuit. The circuit shown in Fig. 5 includes a total of four CM circuits. 
[0067] In the circuit, the gate and drain of transistor M6 and the gate of transistor M4 are connected. Further, the 
55 drains of transistors M4 and M3 and the drains of transistors M6 and M5 are interconnected, respectively. This also 
holds true for the other CM circuits. 

[0068] The drains of transistors M4, M9, M14, and M19, which are included in the CM circuits, and the drains of 
transistors M3, M8, M13, and M18 are connected to a midpoint between resistors Rh-A and Rh-B. 
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[0069] Transistors M2, M7, M1 2, and M1 7 respectively serve as a constant current supply for the CM circuits. Their 
drains are connected to the sources of transistors M3, M8, M1 3, and M1 8, respectively 

[0070] The drain of transistor M1 is series-connected to resistor Rh-B. When a discharge execution input switch A 
turns ON (1), transistor M1 turns ON so that a current flows to resistors Rh-Aand Rh-B. 
5 [0071 ] The output terminals of AND gates X1 through X9 are respectively connected to the gates of transistors M1 , 
M3, M5, and so on to M20. AND gates X1 through X7 are of the two-input type, whereas AND gates X8 and X9 are of 
the'three-input type. At least one input terminal of AND gates X1 through X9 is connected to the discharge execution 
input switch A. 

[0072] One of the input terminals for XNOR gates X10, X12, X14, and X16 is connected to a deflection direction 
10 selector switch C. Another input terminal is connected to a deflection control switch J1 , J2, or J3 or discharge angle 
correction switch S. 

[0073] The deflection direction selector switch C selects a direction (nozzle array direction) in which the ink discharge 
direction to be deflected. When the deflection direction selector switch turns ON (1), one input of XNOR gate X10 is 
set to 1 . 

15 [0074] Deflection control switches J1 through J3 are used to determine the amount of ink discharge direction deflec- 
tion. If, for instance, deflection control switch J3 turns ON (1), one input of XNOR gate X10 is set to 1 . 
[0075] The output terminals of XNOR gates X10 through X16 are connected to one input terminal of AND gates X2, 
X4, and so on to X8, and connected to one input terminal of AND gates X3, X5, and so on to X9 via NOT gates X11 , 
X1 3, and so on to X1 7. One input terminal of AND gates X8 and X9 is connected to discharge angle correction switch K. 

20 [0076] A deflection amplitude control terminal B is used to determine the amplitude of a single deflection step. It 
determines an electrical current value for transistors M2, M7, and so on to M17, which serve as constant current 
supplies for the CM circuits, and is connected to the gates of transistors M2, M7 f and so on to M1 7. The deflection 
amplitude can be set to 0 by setting this terminal to 0V. When this terminal is set to 0V, the electrical current of the 
current supply is set to 0 so that no deflection current flows, thereby setting the amplitude to 0. When the voltage of 

25 this terminal is gradually raised, the current value gradually increases so that a larger amount of deflection current 
flows, thereby increasing the deflection amplitude. 

[0077] In other words, the proper deflection amplitude can be maintained by controlling the voltage to be applied to 
this terminal. 

[0078] The source of transistor M1 , which is connected to resistor Rh-B, and the sources of transistors M2, M7, and 
30 so on, which serve as the constant current supplies for the CM circuits, are shorted to a ground (GND). 

[0079] Within the above configuration, parenthesized numbers (xN (N = 1, 2, 4, or 50)) for transistors M1 through 
M21 indicate parallel element connections. For example, the symbol "x1" (M12 to M21) indicates that a standard 
element is provided. The symbol "x2" (M7 to M11) indicates that the provided element is equivalent to a parallel 
connection of two standard elements. The symbol "xN" indicates that the provided element is equivalent to a parallel 
35 connection of N standard elements. 

[0080] The parenthesized numbers for transistors M2, M7, M12, and M17 are "x4", H x2 ,, 1 "x1'\ and "x1", respec- 
tively. Therefore, when an appropriate voltage is applied between the gates of these transistors and the ground, the 
drain currents for the transistors are at a ratio of 4:2:1 :1 . 

[0081] The operation of the circuit shown in Fig. 5 will now be described. At first, however, attention is focused only 

40 on a CM circuit that includes transistors M3, M4, M5, and M6. 

[0082] The discharge execution input switch A turns ON (1) only when ink is to be discharged. 
[0083] When, for instance, A = 1 , B = 2.5 V applied, C = 1 , and J3 = 1 , the output of XNOR gate X1 0 is 1 . This output 
1 and the value A = 1 enter AND gate X2. Then, the output of AND gate X2 is 1 . Thus, transistor M3 turns ON. 
[0084] When the output of XNOR gate X1 0 is 1 , the output of NOT gate X11 is 0. This output 0 and the value A = 1 

45 enter AND gate X3. Then, the output of AND gate X3 is 0. Thus, transistor M5 turns OFF. 

[0085] The drains of transistors M4 and M3 are interconnected and the drains of transistors M6 and M5 are inter- 
connected. Therefore, when transistor M3 is ON with M5 turned OFF as described above, a current flows from transistor 
M4 to transistor M3; however y no current flows from transistor M6 to transistor M5. The CM .circuit characteristics are 
such that when no current flows to transistor M6, no current flows to transistor M4 either. Further, a voltage of 2.5 V is 

so applied to the gate of transistor M2. In the above case, therefore, a current according to such a voltage application 
flows from transistor M3 to transistor M2 and no current flows from transistor M4, M5, or M6. 

[0086] In the state described above, the gate of transistor M5 is OFF. Therefore, no current flows to transistor M6. 
No current flows to transistor M4 either because it is a mirror for the current flowing to transistor M6. Intrinsically, the 
same current l h flows to resistors Rh-A and Rh-B. However, when the gate of transistor M3 is ON, the current value 
55 determined by transistor M2 is derived from a midpoint between resistors Rh-A and Rh-B via transistor M3. Therefore, 
the current value determined by transistor M2 is added to only the current flowing to resistor Rh-A. Consequently, l Rh . A 

> I Rh-B' 

[0087] The above description deals with a case where C = 1 . A case where C = 0, that is, only the input of the 



8 



EP1 555 125 A1 



deflection direction selector switch C is different (the other switches A, B and J3 are 1 as described above), will now 
be described. 

[0088] When C = 0 and J3 = 1 , the output of XNOR gate X1 0 is 0. Then, the input of AND gate X2 is (0, 1 (A = 1)). 
Thus, its output is 0. Consequently, transistor M3 is OFF. 
s [0089] When the output of XNOR gate X1 0 is 0, the output of NOT gate X1 1 is 1 . Then, the input of AND gate X3 is 
(1,1 (A = 1)). Consequently, transistor M5 is ON. 

[0090] While transistor M5 is ON, a current flows to transistor M6. Then, due to the CM circuit characteristics, a 
current flows to transistor M4 as well. 

[0091] The resistor power supply Vh then invokes a current flow to resistor Rh-A, transistor M4, and transistor M6. 
10 The current flowing to resistor Rh-A entirely flows to resistor Rh-B (the current flowing out of resistor Rh-A does not 
branch to transistor M3 because it is OFF). The current flowing to transistor M4 entirely flows to resistor Rh-B because 
transistor M3 is OFF. The current flowing to transistor M6 flows to transistor M5. 

[0092] As indicated above, when C = 1 , the current flowing to resistor Rh-A branches out to resistor Rh-B and tran- 
sistor M3. However, when C = 0, the current flowing to resistor Rh-A and the current flowing to transistor M4 both flow 
15 to resistor Rh-B. As a result, the current flowing to resistor Rh-A is smaller than the current flowing to resistor Rh-B. 
The ratio between the above two current flows when C = 1 and the ratio between the above two current flows when C 
= 0 are in symmetry. 

[0093] When the amounts of current flows to resistors Rh-A and Rh-B differ from each other as described above, a 
bubble generation time difference arises between the two split thermal resistors 13. This makes it possible to deflect 
20 the ink discharge direction. 

[0094] For a situation where C = 1 and a situation where C = 0, symmetrical positions in the nozzle array direction 
can be selected to specify the ink deflection direction. 

[0095] The above description relates to a case where only deflection control switch J3 is turned ON/OFF. However, 
when deflection control switches J2 and J1 are turned ON/OFF in addition to deflection control switch J3, the amounts 
25 of current flows to resistors Rh-A and Rh-B can be adjusted in smaller increments. 

[0096] More specifically, deflection control switch J3 can control the currents flowing to transistors M4 and M6. De- 
flection control switch J2 can control the currents flowing to transistors M9 and M11. Deflection control switch J1 can 
control the currents flowing to transistors M14 and M1 6. 

[0097] As described earlier, drain currents can flow to transistors M4 and M6, transistors M9 and M 1 1 , and transistors 
30 M14 and M16 at a ratio of 4:2:1 . The ink deflection direction can then be varied over eight steps with three bits of 
deflection control switches J1 through J3 ((J1, J2, J3) = (0, 0, 0), (0, 0, 1), (0, 1, 0), (0, 1, 1), (1, 0, 0), (1, 0, 1), (1, 1, 
0), and (1,1,1)). 

[0098] Further, when the voltage to be applied between the gates of transistors M2, M7, M12, and M17 and the 
ground is varied, the amount of current varies. Therefore, the deflection amount per step can be varied while the drain . 
35 currents flowing to the transistors are maintained at a ratio of 4:2:1 . 

[0099] Furthermore, symmetrical positions in the nozzle array direction can be selected with the deflection direction „ 
selector switch C to specify the ink deflection direction. 

[0100] For a line head, a zigzag layout may be employed so that a plurality of heads 11 are arrayed in the direction 

of the print paper width and that heads 11 adjacent to each other face each other (the angular position of one head is 
40 180° away from that of a neighboring head). If, in the above situation, a common signal is transmitted from the deflect ion 

control switches J1 through J3 to two heads 1 1 that are adjacent to each other, the deflection direction of one head 1 1 

is opposite the deflection direction of the other head 1 1 . Therefore, the present embodiment incorporates the deflection . 

direction selector switch C so that the entire deflection direction of a head 11 can be symmetrically changed. 

[0101] Therefore, when the value C is set to 0 for heads placed in even-numbered positions (heads N, N+2, N+4, 
45 and so on) and set to 1 for heads placed in odd-numbered positions (heads N+1 , N+3, N+5, and so on) in a situation 

where a line head is formed by positioning a plurality of heads 11 in a zigzag pattern, the same deflection direction is 

set for ail heads 11 that constitute the line head. 

[0102] Discharge angle correction switches S and K are similar to. deflection control switches J1 .through J3 in that . 
they deflect the ink discharge direction. In reality, however, discharge angle correction switches S and K are used to 
50 correct the ink discharge angle. 

[01 03] Discharge angle correction switch K is used to determine whether the ink discharge angle should be corrected. 
It is set so that it corrects the ink discharge angle when K - 1 and does not correct the ink discharge angle when K = 0. 
[0104] Discharge angle correction switch S is used to determine the correction direction with respect to the nozzle 
array direction. 

55 [0105] If, for instance, K = 0 (the ink discharge angle is not to be corrected), one of the three inputs of AND gates 
X8 and X9 is 0. Therefore, the outputs of AND gates X8 and X9 are both 0. Transistors M18 and M20 then turn OFF. 
Thus, transistors M1 9 and M21 also turn OFF. Consequently, the currents flowing to resistors Rh-A and Rh-B remain 
unchanged. 
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[0106] On the other hand, if, for instance, S = 0 and C = 0 in a situation where K = 1 , the output of XNOR gate X1 6 
is 1 Then, (1,1,1) enters AND gate X8. Therefore, its output is 1 . Thus, transistor M1 8 turns ON. Further, one input 
of AND gate X9is set to 0 via NOT gate X1 7. Therefore, the output of AND gate X9 is 0 so that transistor M20 turns 
OFF Since transistor M20 is OFF, no current flows to transistor M21 . 

[0107] Due to the CM circuit characteristics, no current flows to transistor M19 either. However, transistor M18 is 
ON Therefore, a current flows out of a midpoint between resistors Rh-A and Rh-B. Thus, a current flows to transistor 
M18 Consequently, the amount of current flowing to resistor Rh-B can be rendered smaller than the amount of current 
flowing to resistor Rh-A. This makes it possible to correct the ink discharge angle and shift the ink landing position by 
a predefined amount in the nozzle array direction. 

[0108] The embodiment described above makes corrections with two bits, which are provided by discharge angle 
correction switches S and K. However, if the number of switches increased, it is possible to make finer corrections. 
[0109] When switches J1 through J3, S, and K are used to deflect the ink discharge direction, the current (deflection 
current Idef) can be expressed as follows: 

(Equation 1) Idef = J3 x 4 x Is 4- J2 x 2 x Is + J1 x Is + S x K x Is 
= (4 X J3 + 2 X J2 + J1 + S x K) x Is 



20 [0110] In Equation 1, the value +1 or -1 is given to J1, J2, and J3. The value +1 or-1 is given to S. The value +1 or 
0 is given to K. t 

[0111] As is obvious from Equation 1 , the deflection current setting can be varied over eight steps by changing the 
J1 J2, and J3 settings. Further, corrections can be made by S and K independently of the J1 , J2, and J3 settings. 
[0112] The deflection current setting can be varied over four positive value steps and four negative value steps. 
25 Therefore the ink deflection direction can be set as either the leftward direction or rightward direction with respect to 
the nozzle array direction. Referring to Fig. 3, the ink discharge direction can be deflected leftward by 9 with respect 
to the vertical (direction Z1 in Fig. 3) or deflected rightward by e with respect to the vertical (direction Z2 in Fig. 3). The 
value 9, that is, the deflection amount, can be set as desired. 

[0113] The ink discharge angle adjustment to be made when the distance H is changed (when the distance between 
30 the ink discharge surface and ink landing surface is changed), that is, when the print paper thickness is changed will 
now be described. 

[0114] The printer according to the present embodiment includes the distance detection means, which detects the 
distance between the ink discharge surface of a head 11 and the ink landing surface of print paper. 
[0115] The distance detection means may directly detect the distance between the ink discharge surface and the 
35 ink landing surface of print paper or determine the distance by detecting the thickness of the print paper (paper thick- 
ness). In the present embodiment, the distance detection means uses a sensor to achieve distance detection. 
[01 1 6] An optical sensor, pressure sensor, or other sensor for reading the information about light, pressure, displace- 
ment or other physical quantity may be used as the sensor for distance detection. 

[0117] If for instance, an optical sensor is used, it is provided with a light-emitting element and a light-receiving 
40 element and configured so that the light-emitting element emits light to print paper and that the light-receiving element 
receives the light reflected from the print paper. The distance between the ink discharge surface and the ink landing 
surface of the print paper onto which the light falls is measured in accordance with the state of the received reflected 

[0118] If a pressure sensor is used, it is pressed against the print paper surface (ink landing surface). The resulting 
45 pressure value is measured and compared against a predetermined reference value (pressure value for reference 
paper thickness). The paper thickness is calculated from the result of comparison. The distance between the ink dis- 
charge surface and the ink landing surface of the print paper is then calculated (detected) from the calculated paper 

thickness. . * \ T1 _ . .„ V 

[0119] The printer also includes the discharge deflection amount determination means. The discharge deflection 
so amount determination means determines the amount of liquid discharge deflection, which is to be provided by the 
discharge direction deflection means, in accordance with the result of detection achieved by the above distance de- 
tection means. 

[0120] In the present embodiment, the discharge deflection amount determination means controls the voltage to be 
applied to the deflection amplitude control terminal B in accordance with the above detection result (for example, a D/ 
55 A converter can be employed to provide digital control). 

[0121] As described earlier, transistors M2, M7, and M12 are in a ratio of x4:X2:x1 . Therefore, their drain currents 
are in a ratio of 4:2:1 . Thus, the amount of current can be varied over eight steps with the deflection amplitude control 
terminal B. Consequently, the deflection amount for ink discharge can be adjusted over eight steps. It goes without 
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saying that the amount of current can be varied over an increased number of steps if the number of transistors is 
increased. 

[0122] Figs. 6A and 6B illustrate how the discharge deflection amount determination means determines the deflection 
amount. It is assumed, as indicated in Fig. 6A, that the discharge angle (maximum deflection amount) is set at a while 
the distance H between the ink discharge surface and the ink landing surface of print 

[0123] paper P1 is equal to reference value L1 . As described earlier, discharge angle a can be varied over eight 
steps with the three bits of deflection control switches J1 through J3. 

[0124] If, in the above situation, a print is to be made on print paper P2, which is thicker than print paper P1 , the 
distance H between the ink discharge surface and print paper P2 is detected (H = L2). Discharge angle 0 is determined 
in accordance with the detection result so that the ink lands at the ink landing position for discharge angle a or at a 
position closest to the ink landing position. 

[0125] When, in Fig. 6A, the distance H between the ink discharge surface and print paper P1 is equal to Li, ink 
landing position range (maximum value) X1 , which is provided by discharge angle a, is as follows: 

X1 = 2 x L1 x tan (a/2) 

[0126] Therefore, even when the distance H between the ink discharge surface and print paper P2 is equal to L2 as 
indicated in Fig. 6B, ink landing position range (maximum value) X2, which is provided by discharge angle p, should 
be as follows: 

X2 (= 2 x L2 x tan (p/2)) = 2 x L1 x tan (a v 

it--' ■■ 

[01 27] Consequently, the voltage at the deflection amplitude control terminal B should be controlled so that discharge 
angle £ satisfies the above equation. 

[0128] When control is exercised as described above, it is possible to determine the optimum discharge angle and 
deflect the ink discharge direction even when the thickness of print paper P varies, that is, even when prints are to be 
made on various sheets of print paper P, which differ in paper thickness. 

[0129] The distance detection means does not always have to use the above sensor. For example, the following 
alternative methods may be employed. 

[0130] A first alternative is to receive information about, for instance, the employed print paper (plain paper, coated 
paper, photographic paper, etc.), which is transmitted together with print data at the time of printing and used to deter- 
mine thaprint paper properties, and detect the distance between the liquid discharge surface of a head 1 1 and the ink 
landing surface of print paper P in accordance with the received information. For example, -reference paper thickness 
data concerning various types of print paper may be stored in memory so as to determine the employed paper thickness 
in accordance with the received information and stored reference paper thickness data and detect the distance in 
accordance with the determined paper thickness. 

[0131] A second alternative is to receive information that is input into a computer or directly input into a printer and 
used to determine the print paper properties, and detect the distance between the ink discharge surface and the ink 
landing surface of print paper P in accordance with the received information. For example, the information about the 
type of print paper may be received when it is input with an operation means such as a keyboard of a computer or 
otherwise entered so as to determine the employed paper thickness in the same manner as described above and 
detect the above distance in accordance with the determined paper thickness. 

[Second embodiment] • ;-„..-.. - - — - ; -o- 

[0132] A second embodiment of the present invention will now be described. 

[0133] Even when the print paper thickness varies, that is, prints are to be made on various sheets of print paper 
having different paper thicknesses, the first embodiment can determine the optimum ink discharge angle and deflect 
the ink discharge direction. 

[0134] However, if the paper thickness varies from one ink landing area to another of a single sheet of print paper, 
the first embodiment does not properly work. On the other hand, the second embodiment constantly detects the paper 
thickness. If the paper thickness changes in the middle of a printing process, the second embodiment determines the 
optimum ink discharge angle again. 

[0135] Fig. 7 is a side view that schematically shows the configuration of a printer according to the second embod- 
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iment. Fig. 8 is a plan view of the printer shown in Fig. 7. This plan view excludes a transport drive system for print 
paper P3. Fig. 9 is a front view the printer shown in Fig. 8. This figure is obtained when the printer is viewed from a 
section from which the print paper P3 is transported to a line head 10. 

[0136] As indicated in Figs. 7 through 9, the surface height orthickness of the print paper P3 for use with the second 
5 embodiment varies. More specifically, an ink landing surface area is partly provided with a projection Q. 

[0137] The line head 10 of the printer is obtained by linearly arranging the aforementioned heads 11 in the direction 
of the print paper width. 

[0138] The printer uses the relative movement means to provide relative movement of the line head 10 and print 
paper P3. More specifically, the line head 1 0 is fixed so that the print paper P3 moves relative to the line head 1 0. The 
10 transport drive system for the print paper P3, which corresponds to the relative movement means, is configured as 
indicated in Fig. 7. The configuration will now be described. 

[0139] Four paper feed rollers 23 are positioned upstream of the line head (positioned in a section from which the 
print paper P3 is transported to the line head 10). The two paper feed rollers 23 below the print paper P3 are driven 
and rotated by a motor or other drive means (not shown). The remaining two paper feed rollers 23 are positioned above 

is the print paper P3 (positioned toward the ink landing surface). A retention member 22 is installed over the print paper 
P3. Two springs 24 are mounted on the underside of the retention member 22. The paper feed rollers 23 are mounted 
on the lower ends of the springs 24 in such a manner that the paper feed rollers 23 freely rotate. 
[0140] As such being the case, the paperfeed rollers 23 positioned above the print paper P3 can move up and down 
due to the springs 24. Therefore, even when the projection Q on the print paper P3 passes through the paperfeed 

20 rollers 23, the springs 24 are merely compressed. Consequently, a substantially constant pressure is continuously 
applied so that the paper feed rollers 23 positioned above the print paper P3 is pressed against the print paper P3. 
[0141] The print paper P3 is sandwiched among the above four paper feed rollers 23 and transported toward the 
line head 10. 

[0142] A support roller 25 is placed substantially directly below the line head 10 and near the ink landing position. 

25 The support roller 25 supports the print paper P3 from below so as to avoid a change in the distance (gap) between 
the ink discharge surface of the line head 10 and the surface of the print paper P3 during printing. 
[0143] A pair of paper discharge rollers 26 are positioned downstream of the line head 10. The print paper P3 is 
sandwiched between the paper discharge rollers 26 and transported. The paper discharge roller 26 positioned below 
the print paper P3 is mounted in the same manner as for the paper feed rollers 23 positioned below the print paper 

30 P3, and driven and rotated by a motor or other drive means (not shown). The paper discharge roller 26 positioned 
above the print paper P3 is mounted on a leading end of a spring 24, which is attached to a predetermined member, 
in the same manner as for the paperfeed rollers 23 positioned above the print paper P3. More specifically, the paper 
discharge roller 26 positioned above the print paper P3 is mounted in such a manner that the paper discharge roller 
26 freely rotates. 

35 [01 44] When the paper feed rollers 23 and paper discharge roller 26 rotate co unterclockwise within the configuration 
described above, the print paper P3 is transported in the direction of an arrow as indicated in Fig. 7 or 8, and the 
nozzles 18 of the liquid discharge sections of the heads 11 included in the line head 10 discharge-ink. The discharged 
ink then lands on the print paper P3. 

[0145] Sensors 21 , which correspond to the distance detection means according to the present invention, are posi- 
40 tioned over a print paper transport path and between the line head 10 and paperfeed rollers 23. In the present em- 
bodiment, a plurality of sensors 21 are provided (six sensors are provided in the example shown in Figs. 8 and 9), and 
arrayed in the direction of the length of the line head 1 0 (in the direction of liquid discharge section arrangement). The 
detection surfaces of the sensors 21 are in alignment of the ink discharge surface of the line head 1 0 as indicated in 
Fig. 7. 

45 [0146] The sensors 21 emit laser light (pulsed light) to the ink landing surface of the print paper P3, receives the light 
reflected from the ink landing surface, and detects the distance H between the ink discharge surface of the line head 
10 and the ink landing surface of the print paper P3, which is shown in Fig. 7, in accordance with the wavelength of 
the received reflected light. v---^.—--- 
[0147] As shown in Fig. 9, the sensors 21 according to the present embodiment have their own predefined detection 

so regions, which are arrayed in the direction of liquid discharge section arrangement. Therefore, the plurality of sensors 
21 provided for the line head 10 are able to measure the distance H directly below every liquid discharge section of 
the line head 10. 

[0148] More specifically, the sensors 21 according to the present embodiment are capable of performing a rapid 
scan over a maximum width of 40 mm in the direction of liquid discharge section arrangement. The sensors 21 complete 
55 one cycle of operation in 30 msec and gather 1000 points of data from a width of 40 mm. When six sensors 21 are 
installed as shown in Figs. 8 and 9, therefore, they gather 6000 points of data from a width of 240 mm. 
[0149] If, for instance, one line head 10 has 5120 liquid discharge sections, the six sensors 21 can measure the 
distance H substantially directly below all the 5120 liquid discharge sections. 
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[0150] Fig. 10 is a side view illustrating in detail the positional relationship between the line head 10 and sensors 21 . 
The line head 1 0 according to the present embodiment is a color line head, which is obtained by arranging the above- 
mentioned heads 11 in the direction of liquid discharge section arrangement to form a color line head (four colors (Y, 
M, C, and K) in the example shown in Fig. 10). 

5 [0151] In the above situation, the distances (L11 to L14 in Fig. 10) in the print paper transport direction between the 
detection points of the sensors 21 and the ink landing positions of various color line heads differ from each other. 
Therefore, these distances L11 to L14 are stored in memory beforehand so that the ink discharge distance H from the 
liquid discharge sections of various color line heads can be determined in accordance with the stored distances L11 
to L14 and print paper transport speed. 

10 [0152] Fig. 11 is a block diagram illustrating a sensor 21 (distance detection means), a data table 31 , and a discharge 
deflection amount calculation circuit 32, which serves as the discharge deflection amount determination means, in 
accordance with the present embodiment. 

[0153] When the sensors 21 detect the distance H for each liquid discharge section as described earlier, the result 
of detection is sent to the discharge deflection amount calculation circuit 32. In accordance with the detection result 
15 produced by the sensors 21 , the discharge deflection amount calculation circuit 32 references the data table 31 and 
determines the discharge deflection amount for each liquid discharge section. 

[0154] The data table 31 defines the discharge deflection amount for the ink to be discharged from a liquid discharge 
section, which varies with the detected distance H and the landing target position of the ink to be discharged from the 
liquid discharge section. 

20 [0155] Fig. 1 2 illustrates the data table 31 . 

[0156] As is the case with Fig. 3, Fig. 12 assumes that the distance between the ink discharge surface of the line 
head 10 and the ink landing surface (the upper surface of the print paper P3) is H, and that the deflection amount AL 
is the distance between the ink landing position (indicated by an arrow with a broken line in Fig. 12) prevailing when 
the ink is discharged directly below from a liquid discharge section of the line head 10 (when the ink is discharged 

25 vertically to the ink landing surface) and the ink landing position (indicated by an arrow with a solid lineJn Fig. 12) 
prevailing when the discharged ink is deflected. 

[0157] Fig. 12 also assumes that the discharge angle y is the angle between the ink discharge surface and the 
direction in which the discharged ink is deflected. The example shown in Fig. 12 assumes that the discharge angle y 
is as described above. However, as indicated in Fig. 3, the angle (6 in Fig. 3) between the vertical and the ink landing 
30 surface may be referred to as the discharge angle (y= 90° - 6 in the example shown in Fig. 12). 

[0158] When, in the above instance, the distance H and deflection amount AL are given as described above, the 
discharge angle y can be determined as a function of the distance H and deflection amount AL. 
[0159] The data table 31 stores beforehand the relationship among the distance H, deflection amount AL, and dis- 
charge angle y. 

35 [0160] Therefore, when the distance H is transmitted as a result of detection by the sensors 21 , the discharge de- 
flection amount calculation circuit 32 references the data table 31 and calculates the discharge angle in accordance . . 
with the data table 31 . Then, the discharge deflection amount calculation circuit 32 transmits the resulting discharge- 
angle data to a control circuit 33 as serial data. 

[0161] In accordance with the transmitted discharge angle data and the drive signal for ink discharge, the control 
40 circuit 33 controls the line head 10, that is, controls the ink discharge from each liquid discharge section. 

[0162] The control circuit 33 also determines the voltage to be applied to the deflection amplitude control terminal B 
of the circuit shown in Fig. 5 in order to obtain a discharge angle in accordance with the discharge angle data transmitted 
from the discharge deflection amount calculation circuit 32. 

[0163] The above control is always exercised when the ink is continuously discharged. In other words, while the print 
45 paper P3 is transported, the sensors 21 constantly detect the distance H and sequentially transmit the results of de- 
tection to the discharge deflection amount calculation circuit 32. Further, the discharge deflection amount calculation 
circuit 32 constantly performs calculations for each pixel line to determine what liquid discharge section should dis- 
charge ink.at what discharge angle y, and transmits the calculation results to the control circuit 33 in. real time. In this : 
instance, the distances (L11 to L14) between the detection points of the sensors 21 and the ink discharge positions of 
so various color line heads are considered as indicated in Fig. 1 0 to perform setup so that the pixel lines properly corre- 
spond to the detection results produced by the sensors 21 and the discharge angle y obtained as a result of detection 
result calculations. 

[0164] Ink discharge control that is exercised by the control circuit 33 will now be described. Fig. 13 is a front view 
of the liquid discharge sections of the line head 1 0. This figure indicates how ink is discharged by three liquid discharge 
55 sections named "N-1 ", "N", and "N+1 

[0165] In the example shown in Fig. 13, the ink landing position provided by liquid discharge section "N-1" is away 
from the projection Q. The ink landing position provided by liquid discharge section "N" is at a boundary of the projection 
Q. The ink landing position provided by liquid discharge section "N+1" is on the projection Q. 
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[0166] The example shown in Fig. 13 assumes that each liquid discharge section not only discharges ink vertically 
to the print paper P3 but also discharges ink so that the ink lands at positions that are shifted in the liquid discharge 
section array direction from the vertical landing position by the deflection amount AL. 

[0167] If, in the above instance, the distance H between the discharge surface of liquid discharge section "N-1 " and 
5 the ink landing surface of the print paper P3 is H1 , the sensors 21 detect distance H 1 . Therefore, the discharge deflection 
amount calculation circuit 32 uses the following equation to calculate discharge angle a for shifting the discharged ink 
by the deflection amount AL from the vertical position: 

w a = tan" 1 (AL/H1) 

[0168] The control circuit 33 then determines the voltage to be applied to the deflection amplitude control terminal 
B in such a manner as to provide discharge angle a as indicated above, and controls the ink discharge from liquid 
discharge section "N-1". 

is [0169] As regards liquid discharge section "N", discharge angle a for shifting the discharged ink leftward from the 
vertical position by the deflection amount AL is calculated in the same manner as indicated above. 
[0170] On the other hand, discharge angle p for shifting the discharged ink rightward from the vertical position by 
the deflection amount AL is calculated as follows: 

p - tan" 1 (AL/H2) 

[0171] The control circuit 33 then determines the voltage to be applied to the deflection amplitude control terminal 
B in such a manner as to provide discharge angle p as indicated above, and controls the ink discharge from liquid 
25 discharge section "N". 

[0172] In a situation where the ink partly lands on the projection Q depending on the ink discharge direction as is 
the case with liquid discharge section "N", the same discharge angle may be used (a or p). This makes it possible to 
simplify the employed control scheme. If, for instance, the discharge angle is set to a in a situation where liquid discharge 
section "N" discharges ink and deflects it rightward, the resulting displacement will not be rendered conspicuous by 
30 one dot or so. Therefore, the control scheme may be simplified as described above. 

[0173] As regards liquid discharge section "N+1", the ink lands on the projection Q. Therefore, the discharge angle 
is changed from a to p so that the deflection amount is AL. 

[0174] Fig. 14 is a side view illustrating an example in which the distance H varies even when the print paper does 
not have any projection. This figure corresponds to Fig. 7. 

35 [0175] As indicated in Fig. 14, print paper P4 is transported toward the line head 1 0 while its leading end is curled. 
[0176] Within the printer, the discharged ink passes through a space between the underside of the line head 1 0 and 
the upper surface (ink landing surface) of print paper P4. Therefore, rollers, retainers, and other members for pressing 
the upper surface of print paper P4 cannot be installed in the space. Therefore, only the support roller 25 (or other 
support member or the like) is generally installed to support print paper P4from below under the line head 10. 

40 [0177] The paper feed rollers 23 are installed on the print paper loading side of the line head 1 0. These paper feed 
rollers 23 not only transport print paper P4 to the line head 1 0 but also come into contact with the ink landing surface 
(the upper surface in the figure) of print paper P4 to keep the distance H constant. 

[0178] In the above instance, the sensors 21 are installed so that emitted laser light and its reflection pass between 
the line head 10 and the paper feed rollers 23 and other retention members, which are arranged in the print paper 
45 transport direction (leftward or rightward in the figure). 

[0179] Therefore, if the leading end is curled as is the case with print paper P4, the distance H varies with the curl. 
[0180] However, the present embodiment uses the sensors 21 , which are positioned just before print paper P4 under 
the line head 1 0, for detecting the distance H. Therefore* even when print paper P4 is curled, the present embodiment 
can detect the distance H, which varies with the curl, as accurately as possible. 

50 

[Third embodiment] 

[0181] Fig. 15 illustrates a third embodiment of the present invention. The third embodiment is a modified version of 
the second embodiment. The third embodiment operates so that ink lands on print paper P3, which has the projection 
55 Q, but uses sensors that differ from those used in the second embodiment. 

[01 82] As shown in Fig. 15, the sensors 21 A according to the third embodiment emit pinpoint laser light. 

[0183] As indicated in Fig. 15, each head 11 in the line head 10 is provided with one sensor 21 A. This ensures that 

one head 11 detects the distance H of only one location. 
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[0184] Therefore, there is a distance H nondetection area between the sensors 21 A. 

[0185] As indicated in Fig. 15, it is assumed that the Nth sensor 21 A (N), which corresponds to the Nth head 11 , 
detects the distance H between the discharge surface of the Nth head 11 and the ink landing surface of print paper P3 
as H1. 

5 [0186] As indicated in Fig. 15, it is also assumed that the N+1th sensor 21 A (N+1), which corresponds to the N+tth 
head 11 , detects the distance H between the discharge surface of the N+1th head 11 and the ink landing surface of 
print paper P3 as H2. 

[0187] In the above instance, the distance can be determined at a position at which laser light is emitted. However, 
the distance H at a position between laser light emission positions is unknown. 

10 [0188] When it is assumed, as indicated in Fig. 15, thatthe distance H forthe Nth head 11 is H1 , and that the distance 
H for the N+1th head 11 is H2, the discharge angle suddenly changes at a position at which the distance H changes 
from H1 to H2, that is, at a boundary between the rightmost liquid discharge section of the Nth head 1 1 and the leftmost 
liquid discharge section of the N+1th head 11 . It means that a considerable discharge angle change occurs. Such a 
discharge angle change may be obvious as ink landing position displacement. This does not constitute a problem if 

15 the print paper surface height suddenly changes as mentioned above. However, a problem occurs if, for instance, the 
surface height gradually varies. 

[0189] To solve the above problem, the third embodiment is provided with distance setup means. 
[0190] If there is a distance H nondetection area between, for instance, the Nth and N+tth sensors 21 A, a liquid 
discharge section corresponding to the nondetection area exists, and different distances H are detected by the sensors 
20 21 A (N) and 21 A (N+1) (Nth and N+1th sensors) adjacent to the nondetection area, then the distance setup, means 
sets the distance H concerning the liquid discharge section corresponding to the nondetection. area to a value between 
the distance H1 detected by the Nth sensor 21 A (N) and the distance H2 detected by the N+1th sensor 21 A (N+1 ) (H2 
<H<H1). 

[0191] Particularly in the example shown in Fig. 15, a straight line is drawn to join the detection position of the Nth 
25 sensor 21A (N) to the detection position of the N+1th sensor 21 A (N+1) as indicated by (1), and then the.distance H 
for each liquid discharge section is calculated in such a manner that the distance H gradually varies from one liquid 
discharge section to another. An alternative is to divide a distance H change into a plurality of steps, set fixed distances 
H for several liquid discharge sections, and calculate the distance H so that the distance H gradually varies from one 
of the several liquid discharge sections to another, as indicated by (2). 
30 [0192] The discharge deflection amount calculation circuit 32 according, for instance, to the second embodiment 
may incorporate the functionality of the distance setup means. 

[0193] The above scheme may also be applicable to a case where the sensors 21 according to the second embod- 
iment are installed. In the second embodiment, the six sensors 21 can detect the distances H that relate to all the liquid 
discharge sections. However, if, for instance, less than six sensors 21 are installed, a nondetection area arises between 
35 the sensors 21. In such an instance, the distance setup means should be provided as described above to set the 
distance H for each liquid discharge section so that the distance H does not suddenly,change in the direction of liquid 
discharge section arrangement. 

[Applications of second and third embodiments] 

40 

[0194] When sensors 21 or 21 A are accurately installed relative to the line head 10, the distance H can be accurately 
detected. 

[0195] However, if sensors 21 or 21 A are not accurately installed in relation to the line head 10, the distance H 
detected by sensors 21 or 21 A is in error. It is therefore preferred that the ink discharge surfaces of the liquid discharge 

45 sections in the line head 1 0 be in alignment with the detection surfaces of sensors 21 or 21 A. 

[0196] For example, an inspection is conducted to check that the ink discharge surfaces of the liquid discharge 
sections in the line head 1 0 are properly positioned in the direction of liquid discharge section arrangement (positioned 
horizontally to the ink landing surface). After.the inspection has been conducted to verify that there is,no positional, 
displacement, the sensors 21 or 21 A detect the reference distance between the ink discharge surface and ink landing 

so reference surface at a plurality of positions in the liquid discharge section arrangement direction of the line head 10. 
In this instance, while no print paper exists, the above reference distance is detected, for instance, by handling the 
upper end surface of the support roller 25 as the ink landing reference surface. 

[0197] If the results of detection indicate that the above reference distance varies from one of the plurality of positions 
to another, the correction values for the liquid discharge sections are calculated (correction value calculation means) 
55 in accordance with the detected reference distance, and then the results of calculations are stored beforehand (cor- 
rection value storage means). 

[0198] Then, the discharge deflection amount calculation circuit 32 should reference the data table 31, note the 
distances detected by sensors 21 or 21 A, the liquid landing target positions, and the correction values stored by the 
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correction value storage means, and determine the liquid discharge deflection amount for each liquid discharge section, 
which is provided by the discharge direction deflection means. 

[0199] When the detection surfaces of sensors 21 or 21 A are accurately positioned in relation to the ink discharge 
surface of the line head 1 0, the ink can be accurately landed without making the above correction even if the line head 
5 1 0 is curved or the print paper support surface (support roller 25 in Fig. 7) directly below the ink discharge surface is 
curved. 

[0200] In the above instance, the distances H detected by the liquid discharge sections differ from each other. There- 
fore, the ink discharge angle is individually determined in accordance with the distance H for each liquid discharge 
section . Thus, the same result is obtained as in a case where the projection Q exists on the ink landing surface of print 
10 paper P3. 

[Fourth embodiment] 

[0201] Fig. 16 is a block diagram illustrating a fourth embodiment of the present invention. This figure corresponds 
15 to Fig. 11 , which illustrates the second embodiment. 

[0202] The fourth embodiment is not provided with distance detection means such as sensors 21 . Instead, the fourth 
embodiment includes the distance information acquisition means 34. 

[0203] The distance information acquisition means 34 acquires distance information about the distance between the 
ink discharge surface of the line head 1 0 and the ink landing surface (the information about the distance H, that is, the 
20 information capable of identifying the distance H) in accordance with print paper transport. 

[0204] The distance information is transmitted, for instance, from an external host computer or paper thickness des- 
ignation means incorporated in the printer. 

[0205] The distance information acquisition means 34 transmits the acquired distance information to the discharge 
deflection amount calculation circuit 32 as is the case with the second embodiment. The process performed by the 
25 discharge deflection amount calculation circuit 32 is the same as in the second embodiment 

[0206] As described above, the fourth embodiment does not actually detect the distance H with sensors 21 or the 
like, but sets the distance H in compliance with instructions received from the printer or from a device external to the 
printer. 

[0207] The present embodiment is applicable, for instance, to a case where a resist is to be applied to a printed 
30 circuit board. 

[0208] If a pattern existing on the printed circuit board is known, the distances H at various locations of the printed 
circuit board can be determined without having to actually measure the distances H. 

[0209] If, when the distances H are known beforehand as mentioned above, the obtained distance information is 
converted to data and the distance information acquisition means 34 is allowed to acquire the resulting distance data 
35 and send it to the discharge deflection amount calculation circuit 32, the same advantage is obtained as in a case 
where the sensors 21 sequentially detect the distances in accordance with print paper transport. 
[0210] The present invention has been described in terms of its preferred embodiments. However, the present in- 
vention is not limited to the above preferred embodiments, but extends to various modifications that are described 
below. 

40 

(1) In the foregoing embodiments, two split thermal resistors 13 are provided. However, three or more split thermal 
resistors 13 may alternatively be provided. Another alternative is to form a thermal resistor from a single nonsplit 
base substance, connect a conductor (electrode) to a turning point, for instance, of a substantially winding (e.g., 
substantially U-shaped) surface of the thermal resistor, divide a main thermal energy generation section for ink 

45 discharge into at least two sections via the turning point of the substantially winding surface, cause at least one 

main section and at least another main section to generate different levels of thermal energy, and exercise control 
to deflect the ink discharge direction in accordance with such a difference. 

(2) . In the examples used for the second and third embodiments, laser light is. used.to detect the distance H. 
However, various other material waves (electromagnetic wave, light wave, ultrasonic wave, etc.) can alternatively 

so be used to detect the distance H. In the second and third embodiments in which laser light or other pulsed light is 

used, the distance H can be detected in accordance with the wavelength difference between the emitted light and 
reflected light. If an ultrasonic wave is used, the distance H can be detected by measuring the time interval between 
the instant at which the ultrasonic wave is emitted and the instant at which a reflected ultrasonic wave is received. 

(3) In the second embodiment, the ink discharge surfaces of the liquid discharge sections in the line head 1 0 are 
55 flush with the laser light emission surfaces of sensors 21 . Alternatively, however, an offset may be provided between 

the ink discharge surfaces of the line head 10 and the laser light emission surfaces of sensors 21 . In such an 
instance, the provided offset amount should be stored in memory to calculate the distance H from the results of 
detection by sensors 21 and the stored offset amount. This also holds true for the third embodiment. 
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(4) In the second embodiment, the area for detecting the distance H is obtained for substantially the entire range 
in the liquid discharge section arrangement direction of the line head 1 0. However, if, in most cases, prints are to 
be made onto print paper having no significant irregularities, the number of sensors 21 may alternatively be reduced 
so that the area for detecting the distance H is not always obtained for substantially the entire range. 
s - 
Industrial Applicability 

[0211] When the liquid discharge direction is to be deflected, the present invention makes it possible to set an ap- 
propriate deflection amount even if the distance between the liquid discharge surface and the liquid landing surface of 
10 a liquid discharge target varies. Therefore, the present invention ensures that the liquid lands at proper positions even 
when liquid discharge targets having various thicknesses are used. 

[0212] In addition, the present invention can set a proper deflection amount accordingly even when the surface height 
of a single liquid discharge target varies. 

15 

Claims 

- 1. A liquid discharge apparatus comprising: 

20 a head in which a plurality of nozzle-incorporated liquid discharge sections are arrayed; . 

discharge direction deflection means for deflecting the discharge direction of a liquid discharged from a nozzle 
of each of said liquid discharge sections in the direction of the array of said liquid discharge sections; 
distance detection means for detecting the distance between the liquid discharge surface of said head and 
the liquid landing surface of a liquid discharge target; and 

25 discharge deflection amount determination means for determining the amount of liquid discharge deflection 

to be provided by said discharge direction deflection means in accordance with the result of detection by said 
distance detection means. \ 

2. The liquid discharge apparatus according to claim 1 , wherein said distance detection means detects the distance 
30 between the liquid discharge surface of said head and the liquid landing surface of the liquid discharge target by 

detecting the thickness of the liquid discharge target 

3. The liquid discharge apparatus according to claim 1 , wherein said distance detection means comprises a.sensor 
for reading the information about light, pressure, displacement, or other physical quantity; and wherein said sensor 

35 detects the distance between the liquid discharge surface of said head and the liquid landing surface of the liquid 

discharge target. -* ' 

4. The liquid discharge apparatus according to claim 1 , wherein said distance detection means receives information 
for determining the properties of the liquid discharge target and detects the distance between the ink discharge 

40 surface of said head and the ink landing surface of the liquid discharge target in accordance with the received 

information. 

5. The liquid discharge apparatus according to claim 1 , wherein said distance detection means receives information 
that is input from said liquid discharge apparatus or a device electrically connected to said liquid discharge appa- 

45 ratus and used to determine the properties of the liquid discharge target, and detects the distance between the 

ink discharge surface of said head and the ink landing surface of the liquid discharge target in accordance with 
the received information. 

6. The liquid discharge apparatus according to claim 1 , wherein each of said liquid discharge sections comprises a 
50 liquid chamber for containing the liquid to be discharged and energy generation means that is positioned within 

said liquid chamber to generate energy for discharging the liquid in said liquid chamber from said nozzle; wherein 
a plurality of said energy generation means are arrayed within said liquid chamber in the direction of liquid discharge 
section arrangement; and wherein said discharge direction deflection means causes an energy generation differ- 
ence between at least one of said plurality of energy generation means in said liquid chamber and at least another 
55 of said plurality of energy generation means, and deflects the direction of a liquid discharge from said nozzle of 

each of said liquid discharge sections. 

7. The liquid discharge apparatus according to claim 1 , wherein each of said liquid discharge sections comprises a 
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liquid chamber for containing the liquid to be discharged and energy generation means that is positioned within 
said liquid chamber to generate energy for discharging the liquid in said liquid chamber from said nozzle; wherein 
said energy generation means is made of a base substance so that a major section for generating energy for 
discharging the liquid is divided into a plurality of segments; and wherein said discharge direction deflection means 
causes an energy generation difference between at least one of said plurality of main segments of said energy 
generation means and at least another of said plurality of main segments of said energy generation means, and 
deflects the direction of a liquid discharge from said nozzle of each of said liquid discharge sections. 

8. A liquid discharge method for discharging a liquid with a head in which a plurality of nozzle-incorporated liquid 
discharge sections are arrayed, the liquid discharge method comprising the steps of: 

detecting the distance between the liquid discharge surface of said head and the liquid landing surface of a 
liquid discharge target when the direction of the liquid discharge from a nozzle of each of said liquid discharge 
sections is to be deflected in the direction of liquid discharge section arrangement; and 
determining the amount of liquid discharge deflection in accordance with the result of detection. 



9. A liquid discharge apparatus comprising: 

a head in which a plurality of nozzle-incorporated liquid discharge sections are arrayed; 
discharge direction deflection means for deflecting the discharge direction of a liquid discharged from a nozzle 
of each of said liquid discharge sections in a plurality of directions of the array of said liquid discharge sections; 
relative movement means for relatively moving said head and a liquid discharge target on which the liquid 
discharged from said nozzle of each of said liquid discharge sections is to land; 

distance detection means, which exists on the side on which said relative movement means loads the liquid 
discharge target relative to said head, emits a material wave to the liquid discharge target, receives the resulting 
reflected wave, detects the distance between the liquid discharge surface of each of said liquid discharge 
sections and the liquid landing surface of the liquid discharge target in accordance with the received reflected 
wave, and sequentially detects said distance while said relative movement means relatively moves said head 
and the liquid discharge target; 

a data table for defining the discharge deflection amount of the liquid to be discharged from said nozzle of 
each of said liquid discharge sections in relation to said distance and a landing target position of the liquid to 
be discharged from said nozzle of each of said liquid discharge sections; and 

discharge deflection amount determination means for referencing said data table and determining the amount 
of liquid discharge deflection to be provided by said discharge direction deflection means corresponding to 
each of said liquid discharge sections from said distance detected by said distance detection means and the 
landing target position of the liquid. 

10. The liquid discharge apparatus according to claim 9, wherein said distance detection means emits pulsed light to 
the liquid discharge target, receives the resulting reflected light, and detects said distance in accordance with the 
wavelength of the received reflected light. 

1 1 . The liquid discharge apparatus according to claim 9, wherein said distance detection means detects said distance 
' by emitting an ultrasonic wave to the liquid discharge target and measuring the time interval between the instant 

at which the ultrasonic wave is emitted and the instant at which the resulting reflected wave is received. 

12. The liquid discharge apparatus according to claim 9, wherein said distance detection means comprises a plurality 
of distance detection means including first distance detection means and second distance detection means, which 
are arrayed in the direction of liquid discharge section arrangement, further comprising, distance setup means, 
which, if a distance nondetection area exists between said first distance detection means and said second distance 
detection means, which are arrayed in the direction of liquid discharge section arrangement, an existing liquid 
discharge section corresponds to the distance nondetection area, and said distance detected by said first distance 
detection means differs from said distance detected by said second distance detection means, said distance setup 
means sets said distance concerning said liquid discharge section corresponding to said distance nondetection 
area to a value between said distance detected by said first distance detection means and said distance detected 
by said second distance detection means. 

13. The liquid discharge apparatus according to claim 9, wherein said distance detection means detects a reference 
distance between the liquid discharge surface of each of said liquid discharge sections and a liquid landing refer- 
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ence surface at a plurality of locations in the direction of liquid discharge section arrangement, further comprising: 

correction value calculation means, which, when said reference distance detected by said distance detection 
means at a plurality of locations in the direction of liquid discharge section arrangement varies, calculates a 
5 correction value for determining the liquid discharge deflection amount to be provided by said discharge di- 

rection deflection means corresponding to each of said liquid discharge sections in accordance with said ref- 
erence distance detected by said distance detection means at a plurality of locations; and 
correction value storage means for storing the results of calculations performed by said correction value cal- 
culation means, 

10 

wherein said discharge deflection amount determination means references said data table and determines 
the amount of liquid discharge deflection to be provided by said discharge direction deflection means corresponding 
to each of said liquid discharge sections from said distance detected by said distance detection means, the liquid 
landing target position, and the correction value stored by said correction value storage means. 

15 

14. The liquid discharge apparatus according to claim 9, wherein the side to which the liquid discharge target is loaded 
for said head by said relative movement means is provided with a retention member, which provides a constant 
distance between the discharge surface of said head and the liquid landing surface of the liquid discharge target 
when the liquid landing surface of the liquid discharge target is contacted; and wherein said distance detection 

20 means is installed so that the emitted material wave and the reflected wave derived from the emitted material wave 

pass between said head and said retention member in the relative movement direction of said head and the liquid 
discharge target. 

15. A liquid discharge apparatus comprising: 

25 

a head in which a plurality of nozzle-incorporated liquid discharge sections are arrayed; 
discharge direction deflection means for deflecting the discharge direction of a liquid discharged from a nozzle 
of each of said liquid discharge sections in a plurality of directions of the array of said liquid discharge sections; 
relative movement means for relatively moving said head and a liquid discharge target on which the liquid 
30 discharged from said nozzle of each of said liquid discharge sections is to land; 

distance information acquisition means for acquiring distance information about the distance between the 
liquid discharge surface of each of said liquid discharge sections and the liquid landing surface of the liquid 
discharge target while said relative movement means relatively moves said head and the liquid discharge 
target; 

35 a data table for defining the discharge deflection amount of the liquid to be discharged from said nozzle of 

each of said liquid discharge sections in relation to the distance between the liquid discharge surface of each, 
of said liquid discharge sections and the liquid landing surface of the liquid discharge target and a landing 
target position of the liquid to be discharged from said nozzle of each of said liquid discharge sections; and 
discharge deflection amount determination means for referencing said data table and determining the amount 

40 of liquid discharge deflection to be provided by said discharge direction deflection means corresponding to 

each of said liquid discharge sections from said distance information acquired by said distance information 
acquisition means and the landing target position of the liquid. 

16. A liquid discharge method for discharging a liquid with a head in which a plurality of nozzle-incorporated liquid 
45 discharge sections are arrayed to deflect the discharge direction of a liquid discharged from a nozzle of each of 

said liquid discharge sections in the direction of liquid discharge section arrangement, the liquid discharge method 
comprising the steps of: 

predefining the discharge deflection amount of the liquid discharged from said nozzle of each of said liquid 
so discharge sections in relation to the distance between the liquid discharge surface of each of said liquid dis- 

charge sections and the liquid landing surface of a liquid discharge target and a landing target position of the 
liquid discharged from said nozzle of each of said liquid discharge sections; and 

emitting a material wave to the liquid discharge target when the discharge direction of the liquid discharged 
from said nozzle of each of said liquid discharge sections is to be deflected in the direction of liquid discharge 
55 section arrangement, receiving the resulting reflected wave, detecting the distance between the liquid dis- 

charge surface of each of said liquid discharge sections and the liquid landing surface of the liquid discharge 
target in accordance with the received reflected wave, and determining the discharge deflection amount of a 
liquid corresponding to each of said liquid discharge sections from said detected distance, the liquid landing 



19 



EP1 555 125 A1 



target position, and the predefined discharge deflection amount. 

17. A liquid discharge method for discharging a liquid with a head in which a plurality of nozzle-incorporated liquid 
discharge sections are arrayed to deflect the discharge direction of a liquid discharged from a nozzle of each of 
said liquid discharge sections in the direction of liquid discharge section arrangement;, the liquid discharge method 
comprising the steps of: 

predefining the discharge deflection amount of the liquid discharged from said nozzle of each of said liquid 
discharge sections in relation to the distance between the liquid discharge surface of each of said liquid dis- 
charge sections and the liquid landing surface of a liquid discharge target and a landing target position of the 
liquid discharged from said nozzle of each of said liquid discharge sections; 

acquiring distance information about the distance between the liquid discharge surface of each of said liquid 
discharge sections and the liquid landing surface of the liquid discharge target in accordance with relative 
movement of said head and the liquid discharge target; and 

determining the discharge deflection amount of a liquid corresponding to each of said liquid discharge sections 
from said acquired distance information, the liquid landing target position, and the predefined discharge de- 
flection amount. 
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FIG. 4 A 
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FIG. 6 A 
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